ABSTRACT
A REDUCTION of the oxygen tension in the inspired air or in the blood flow to the liver gives rise to marked changes in the gross and microscopic appearance of this organ (I). Whether these changes, which have been termed 'watery vacuolation' (2), represent a pathological deterioration or whether they are the result of an attempt to adapt to anaerobic conditions thus imposed has not been determined. Certainly the appearance of numerous vacuolations suggests drastic changes in the metabolism of the organ; the condition has been reported to be accompanied by a drop in the R.Q., reflecting an increased anaerobic metabolism (3). The question of increased permeability of the cells has been raised, and the work of Hanzon (I) and Aterman (2) suggests an impairment of factors controlling permeability. However, were unable to find any changes in extra-or intracellular fluid associated with hypoxia.
Since density gradient centrifugation techniques had been useful in revealing changes in the intracellular distribution of certain enzymes of livers of rats fed carbon tetrachloride (s), it was of interest to carry out similar experiments on enzyme distributions in the livers of hypoxic guinea pigs.
METHODS
Animals. Male Hartley guinea pigs (500-600 gm in weight)
were maintained on a stock guinea pig diet ad libitum, supplemented twice weekly with lettuce. Fed controls were allowed free access to food until killing. Fasted controls were denied food but permitted access to water for a period of 3 days, during which time they lost approximately Table I shows for normal, fasted and hypoxic guinea pig livers the nitrogen and water content values, and the activities of three enzymes on the basis of both fresh weight and nitrogen.
On the basis of wet weight, the activity was lower for all three enzymes in the hypoxic guinea pig livers than in either the normal fed or normal fasted controls. In comparison with the fed controls, the fasted animals showed decreases of about 25 % in uricase and catalase, with succinic dehydrogenase virtually identical in value.
The dry weights of these livers indicated negligible dehydration in the hypoxic animals but a marked dehydration in the fasted controls. In the latter case, there was an associated increase of nitrogen per unit fresh weight, probably a reflection of the dehydration, while in the hypoxic livers there was a decrease in nitrogen content.
On a nitrogen basis, the enzyme activities in the fasted controls were uniformly lower than in the hypoxic animals, and these values were in turn lower than those of the fed controls. It is interesting to note that the reductions in enzyme activity in the different groups are due to different mechanisms. In the hypoxic liver there was a distinct loss of enzyme protein nitrogen. In the fasted animals, however, there was an apparent increase in nitrogen concentration per fresh weight, at- and maximum particle sizes expected to be found in the zone. The particle diameters should be considered as semi-arbitrary, since the particle densities are not accurately known.
tributable doubtless to loss of water, glycogen, etc., as well as some enzyme inactivation. The distribution of nitrogen in respect to particle size is shown in figure I . It is apparent that, although the distribution patterns of the fed and fasted controls were indistinguishable, a considerably greater percentage of the total nitrogen of the hypoxic livers was completely sedimented in I hour (i.e., beyond the extreme right of the diagram). Figure 2 shows the distribution of catalase and succinic dehydrogenase in fed and hypoxic animals. The extent of sedimentation and the distribution of activity in the livers of fasted animals were practically identical with those of the fed controls; in the case of succinic dehydrogenase, the difference between the two curves was not significant. However, there was an increase in the sedimentability of catalase in hypoxia, where 13 % was sedimented as compared to less than I % in normal fed or normal fasted animals. The decrease in catalase activity noted at the maximum on the curve (o-18 d, although of questionable statistical significance, parallels this increase in sedimentability, and furthermore, reflects the decrease in nitrogen content in the same size range. Figure 3 indicates that the distribution of uricase was profoundly affected by hypoxia. Although starvation reduced the total concentration of uricase, the distribution pattern was unaltered; hence both fed and fas ted normals were averaged to obtain the control curve in figure 3 . Hypoxia produced a marked increase in sedimentability, with an inconsistent effect on the shape of the distribution curve; i.e., in one guinea pig (curve I), the size associated with maximum activity was unaltered, while in another (curve z), the maximum was shifted from 0.32 to 0.40 p, equivalent to almost a threefold increase in particulate volume. Calculation of enzyme activities per unit nitrogen of individual fractions of the different particle size ranges showed that the maxima were practically the same in hypoxic and in normal fed animals. In the normal fasted animals, the maximum values tended to be somewhat lower than in the other groups, but because of the large degree of variation this diminution is of doubtful significance.
DISCUSSION
The three enzymes selected for this study were chosen because they were characteristically present in three main particle size ranges previously found in rat liver (7) ; succinic dehydrogenase represents the large granules and catalase the small granules, and uricase is uniquely associated with particles of an intermediate size range. These particles closely match the characteristics of the 'poorly sedimentable' fraction described by Klein and Johnson (8) , the 'small mitochondria' of Laird et al. (9) and the 'fluffy layer' of Muntwyler et al. (IO) , respectively. Thus the activities of the enzymes were intended to provide rough estimates both of the quantities of these three ranges of particles and of their physical status as indicated by their distribution patterns.
However, more recent work on mouse liver has indicated that in this species both catalase and uricase are associated with particles of this intermediate size range (I I). In view of the observation of Feinstein that catalase is much more readily extractable from guinea pig or rat liver than from mouse liver (I 2), the possibility exists that our catalase distributions presented here are actually the result of extraction of catalase from its normal cytoplasmic locus and adsorption on the microsomal fraction.
In this investigation it was evident that in the hypoxic condition there was a loss of total nitrogen from the cell, of which part, at least, was enzymatic protein from all categories of particles tested. In the case of the fasted animal, only uricase and catalase were reduced PETER D. KLEIN AND JOHN F. THOMSON on the basis of activity per unit wet weight. The calculation of specific enzyme activity for the three enzymes in the fasted animals yielded figures which are lower than those of the control. By comparing the water and nitrogen contents it can be seen that for succinic dehydrogenase this change is artificial, since it disappears when dehydration and increase in nitrogen concentration are taken into account. Thus the diminution of uricase in both fasted and hypoxic guinea pig livers is in accordance with the findings of Laird et al. (13), who have noted the extreme lability of the medium range of particles in fasted rats. However, distribution studies distinguish further between the fasting and hypoxic situations. While the quantity of uricase was reduced in both conditions, the sedimentation behavior in the fasted animals remained identical with that of the controls. The hypoxic liver, on the other hand, was characterized not only by a decreased total quantity of uricase but also by a marked increase in sedimentability, suggestive of physical agglomeration of the particles of this fraction.
The imposition of hypoxia, therefore, appears to result in a loss of enzymatic nitrogen from all three ranges of subcellular particles, in contrast to simple fasting which, leads to a marked decrease only in the particulates of intermediate size. These intermediate-sized particles are also seemingly altered in physical status by hypoxia, as shown by their greatly increased sedimentability. The relationship of these changes to the gross and microscopic alterations remains to be determined.
Finally, it may be mentioned that the changes effected by hypoxia in the guinea pig are different from those produced in the rat by administration of carbon tetrachloride (5). Although in both cases uricase was affected both in concentration and sedimentability, carbon tetrachloride had a much more pronounced effect on distribution and activity of succinic dehydrogenase. 130
